This study addressed the cross-cultural suitability of an adapted version of the Fifteen Factor Questionnaire (15FQ+) in South Africa. Criteria for changes to the items of the original 15FQ+ included comprehension and cultural appropriateness. The instrument was administered in English to a pool of 16 339 participants from all parts of South Africa who had applied for entry-level police jobs in the South African Police Services (SAPS). Bias was studied at construct and item level. A higher level of overall structural equivalence was reported for the adapted version when compared with results found in research with the original version. However, some scales remain problematic. A slight decrease in the number of biased items was also found for the adapted version and it was concluded that item bias is not a major problem in this version. Despite these results pointing to the apparent adequacy of the adaptations, only marginal increases were found in terms of the internal consistencies when compared to the original version and for the black groups, in particular, consistency levels remained low. These low levels of consistency continue to limit the usefulness of the questionnaire.
Gazette, 1998). According to this Act, psychological testing and other similar assessments are prohibited unless the test or assessment being used (a) has been scientifically shown to be valid and reliable; (b) can be applied fairly to all employees; and (c) is not biased against any employee or group.
The Employment Equity Act imposes very strict criteria on South African psychologists. The onus of proof shifts to professional test users, as they have to indicate that their instruments adhere to the regulations of the Employment Equity Act and can be applied in a multicultural society.
There has been a very limited amount of research on multicultural personality assessment in South Africa (Abrahams, 1996 (Abrahams, , 2002 Abrahams & Mauer, 1999a, b; Meiring, 2000; Spence, 1982; Tact, 1999; Taylor, 2000; Taylor & Boeyens, 1991; Wallice & Birt, 2003) . Research by Abrahams (1996) on the cross-cultural comparability of the Sixteen Personality Factor Questionnaire (16PF) has received most of the research attention to date (Prinsloo & Ebersohn, 2002) . Little support was found for the equivalence of the 16PF across different cultural groups in South Africa. Individuals whose first language was not English experienced problems with the comprehensibility of the items. It was concluded that this test was not suitable for use in South Africa.
Meiring, Van de Vijver, Rothmann and Barrick (2005) investigated the adequacy of cognitive tests and the Fifteen Factor Questionnaire (15FQ+), a personality measure, in a group of police applicants from all major South African ethnic groups. Construct, method and item bias were examined. Construct bias refers to whether the same underlying constructs are measured in the different ethnic groups; method bias is a generic term for instrument-related and person-related factors that can systematically affect the size of cross-cultural score differences, such as differential social desirability; and item bias refers to the presence of items that do not function in the same way for different cultural groups (cf. Van de Vijver & Leung, 1997a, b) . Several scales of the 15FQ+ revealed construct bias in various ethnic groups. Item bias in the 15FQ+ scales was low, while method bias did not have any impact on the cross-cultural differences in the scales. However, several scales of the 15FQ+ had low internal consistencies, notably in black groups. It was concluded that the 15FQ+ was not suitable as an instrument in the South African multicultural context because of the low internal consistencies of some scales and the lack of construct equivalence. Based on the study by Meiring et al. (2005) , the 15FQ+ was adapted in an attempt to increase its cross-cultural suitability. This article examines bias in the adapted version of the 15FQ+.
TEST ADAPTATION TO REDUCE BIAS
According to Hambleton (1994) , cross-cultural research using proven psychometric tests is on the increase and with this growth, the need has arisen to adapt (or 'translate') instruments to be used in multiple cultures and languages. Test adaptation guidelines have been developed by an international committee of psychologists who are affiliated to various international psychology associations working in the field of cross-cultural psychology (such as the International Association for Cross-Cultural Psychology). This committee has developed and validated guidelines for adapting psychological instruments and establishing score equivalence across language and culture groups (Hambleton, 1994 (Hambleton, , 2001 ). According to the committee, the term adaptation rather than translation was preferred as translation is just a part of the more encompassing adaptation process. Van de Vijver (2003) indicates that there has been an important trend in the design of cross-cultural studies in the last decade. Whereas in the past the translation of instruments was often seen as primarily a linguistic issue, there is now a growing awareness that translating an instrument has to be seen in a wider context, and requires expertise in the language and culture of the specific target group as well as in item writing (Hambleton, 1994 (Hambleton, , 2001 Hambleton, Merenda, & Spielberger, 2004; Van de Vijver & Hambleton, 1996) . It may be noted that the committee worked from the implicit assumption of a multilingual test administration. However, their work is also relevant for studies in which a single language version is used among multiple ethnic groups in which the testing language is not everyone's mother tongue.
These developments reflect an increasing awareness of the impact of bias on crosscultural comparisons. The new trend in adapting tests is to rely on a team effort (the so-called committee approach) (see Harkness, 2003; Van de Vijver & Leung, 1997a, b) where experts from different disciplines join forces. Adaptation of the instrument in this new approach is part of a whole chain of activities, aimed at maximising the quality of the use of the instrument in a cross-cultural setting.
Adapted tests are those in which some component has deliberately been altered independent of unavoidable translation change. These adaptations may be substantive, relate to question design, or consist of slight wording modifications. Regardless of the form of change, the aim of adaptation is to render questions culturally or linguistically appropriate in a cross-national context. According to Van de Vijver (2003) , adapted tests offer several advantages, such as their sensitivity to the cultural context in which they are used, the ease and relatively low cost of producing them and their flexibility in dealing with major sources of bias. A potential problem with adaptation is that the equivalence of modified items must be tested and demonstrated. A further drawback is that adapted items provide limited scope for statistical analysis, since only a few statistical tools, which are able to accommodate partly dissimilar items, can be used.
Given the construct bias and low internal consistency reported for the 15FQ+ (Meiring et al., 2005) , it was necessary to adapt the original version of this test. Studies in South Africa report education, home language and proficiency in English as the main factors impacting on the construct and item comparability of personality tests. It is important to evaluate the adequacy of adapted tests and to determine to what extent these adaptations were successful in dealing with the bias sources identified in the original version. The first research aim of this study was therefore to examine the 343 construct and item bias of the adapted version of the 15FQ+, as well as its internal consistency. As method bias did not affect the scores on the original instrument, the authors decided not to analyse its impact in the adapted version. In addition, the results for the original 15FQ+ (Meiring et al., 2005) were compared with the results for the adapted version. The impact of reading comprehension (part of the cognitive test battery) as a moderator on the adapted version of the 15FQ+ was also investigated.
METHOD Participants
The sample included 16 339 participants across South Africa who had applied to become police officers in the South African Police Services (SAPS). The sample consisted of blacks (n = 14 415), whites (n = 579), Asians (n = 378) and coloureds (n = 1 065) (44 cases missing). Of the participants 80% (n = 13 091) were male and 19% (n = 3 015) were female (approximately 1% missing). The black group consisted of the following ethnic groupings/languages: Ndebele (n = 393), Pedi (n = 2 974), Sotho (n = 1 272), Tswana (n = 1 996), Swazi (n = 411), Tsonga (n = 1 237), Venda (n = 1 098), Xhosa (n = 1 947), and Zulu (n = 2 817). Subsamples, based on a combination of race and ethnic/linguistic groups, are referred to as cultural groups in the remainder of the article. The mean age of the sample was 25 years (SD = 2.70). The entry-level qualification for the Police Services is Grade 12 -78% of the sample had this qualification, 18% had a degree or diploma and 1% had a postgraduate qualification (3% missing).
Instruments
The test battery consisted of a cognitive test, namely an English reading and comprehension test, and a personality test, namely the adapted 15FQ+. The cognitive test was developed specifically for the SAPS. The reading and comprehension test consists of four paragraphs that were selected from the basic training modules (Module 1: the Bill of Rights on Police Power, Community Policing; Module 2: Non-verbal Communication; Module 5: Mental Disorder). Five questions are asked about each paragraph, resulting in a total of 20 items. The test requires the applicant to read the paragraphs and comprehend the material in order to answer the questions. Each item has four response alternatives. A time limit of 20 minutes was allowed for the completion of the test.
The 15FQ+ is a personality test that has been developed by Psytech International as an update of the original 15FQ (Tyler, 2002) . The original 15FQ was designed to assess 15 of the 16 personality dimensions that were first identified by Cattell and his colleagues in 1946. The new test, called 15FQ+, is a complete revision of the original 15FQ. A completely new item set was developed and fielded for the 15FQ+. The aim was to produce a relatively short, yet robust measure of Cattell's primary personality factors (Tyler, 2002) . Because reasoning ability (or intelligence) cannot be adequately measured by reasoning items included in untimed personality tests, Factor B was excluded from the 15FQ. However, in the case of the 15FQ+, it was decided to deal with this problem by redefining Factor B as a 'metacognitive personality variable' called intellectance. The 15FQ+ has been shown to have adequate levels of reliability in a number of different samples. Reliability coefficients of between 0.60 and 0.85 were found for students and professionals in the UK. Tyler (2002) reports similar values (with a mean of 0.75) for South African professional and management development candidates.
The adaptation of the 15FQ+, based on the results found by Meiring et al. (2005) , was a team effort, following an approach outlined by Harkness (2003) and by Van de Vijver and Leung (1997a, b) . The experts participating in the study were the chief executive officer of Psytech South Africa who is a registered research, counselling and industrial psychologist; the first author who is a senior industrial psychologist in the Psychological Services of the SAPS; and an expert on language and culture who has ample experience in working with people for whom English is not their mother tongue and who have varying degrees of proficiency in English. The adaptations made by the committee focused primarily on the item question design and wording modifications to the 15FQ+. To reduce bias, items and words were adapted to be more culturally and linguistically appropriate for the South African context. A total of 44% (85) of the original 15FQ+ items were changed -in 38 items, one or two words were changed and in 47 other items the complete item stem was reworded. Three constructs (Practical-Abstract, Conventional-Radical, Relaxed-Tense Driven) received most of the attention with 21 items of these scales (out of a total of 36 items) being rephrased and 11 items reworded slightly. The following are examples of changed items and words in items: 'Everybody has their price' was changed to 'Anybody can be bribed in some way or another'; and 'I find myself deeply engrossed in thought' was changed to 'I find myself deeply lost in ideas'.
Procedure
Applicants for the SAPS were tested in groups of 100 in June 2001. The instruments were administered by trained personnel of the Psychological Services of the SAPS who used a standardised procedure. Each test session lasted 3 hours and a break of 15 minutes was allowed. Computer-readable answer sheets were employed for all tests.
Statistical analysis
Internal consistencies were calculated for the reading and comprehension test as well as the adapted 15FQ+ for the different cultural groups. As reading and comprehension skills were considered to be important moderators, reliabilities were recalculated 345 restricting the analysis to applicants with a score above a stanine of 8 on the reading and comprehension test.
Construct bias and item bias were addressed in two series of analyses for the adapted 15FQ+. The first involved scale-level analyses and examined the similarity of the factors underlying the personality measures, while the second addressed bias at the item level of the instruments.
Scale-level analysis (construct bias) can be investigated by means of several techniques, such as factor analysis, cluster analysis, and multidimensional scaling or other dimensionality-reducing techniques (Van de Vijver & Leung, 1997a, b) . The basic idea behind the application of these techniques is to obtain a structure in each culture, which can then be compared across all cultures involved. Factor analysis is the most frequently employed technique for studying construct equivalence. In the current study both exploratory and confirmatory models could have been used. Confirmatory factor analysis may seem an obvious choice, as information is available about the composition of the instruments (on the basis of previous studies). However, exploratory factor analysis was used for a pragmatic reason. Using confirmatory models in studies involving large samples of many cultural groups is problematic primarily because a poor fit of these models to the data is often found. It is usually not clear whether the reasons for the poor fit are serious and should lead to a reformulation of the model or whether these are trivial and do not challenge the underlying model.
A two-step procedure, based on exploratory factor analysis, was used to examine construct equivalence. In the first step the covariance matrices of all the cultural groups were combined (weighted by sample size) so as to make a single, pooled data matrix (cf. Muthén, 1991 Muthén, , 1994 Van de Vijver & Poortinga, 2002) . Factors derived from this pooled covariance matrix defined the global solution with which the factors obtained in the separate cultural groups were compared (after target rotation to the pooled solution). The extent of agreement was evaluated by a factor congruence coefficient, Tucker=s phi (Chan, Ho, Leung, Cha, & Yung, 1999; Van de Vijver & Leung, 1997a, b) . Values above 0.90 are taken to point to essential agreement and values above 0.95 to very good agreement. A high agreement implies that the factor loadings of the lower and higher level are equal up to a multiplying constant (the lastmentioned is needed to accommodate possible differences in eigenvalues of factors for the language groups).
Item level analysis (item bias analysis) was performed by using analysis of variance (ANOVA) for the adapted 15FQ+ (yielding interval-level scores). The assumption is that an item is unbiased if persons from different cultures with an equal standing on the construct underlying the instrument have the same expected score on the item ( Van de Vijver & Leung, 1997a, b) . There are several statistical techniques available for analysing item bias in three-point Likert scales. Probably the most important are based on item response theory, in which the three categories are treated as ordered responses (e.g., Maydeu-Olivares, Drasgow, & Mead, 1994; Thissen, 1984) , and analysis of variance. Item response theory models have the advantage of having detailed and statistically rigorous fit indices. In addition, it is possible to check whether the distance between 'disagree' and 'undecided' is the same as the distance between 'agree' and 'undecided'. The use of analysis of variance has various advantages, such as computational simplicity, robustness, and the opportunity to study both uniform and non-uniform bias (Mellenbergh, 1982) . The last-mentioned, in particular, is relevant here. Therefore, analysis of variance was used in the present study. The item score was the dependent variable, while culture and score levels were the independent variables. A significant main effect of culture group was taken to point to uniform bias and a significant interaction of culture and score level pointed to non-uniform bias.
RESULTS

Internal consistency
Particulars of Cronbach's alpha can be found in Table 1 . The reliability coefficients for the reading and comprehension test remained largely at the same level as reported in the Meiring et al. (2005) study. In the adapted 15FQ+, a slight improvement was found for the different groups compared to the original version (see Table 2 ). It can be concluded that the internal consistencies for some of the factors still remained very low, notably in the African language groups, and that the increase in internal consistencies was too low to have any practical salience. This seriously challenges the suitability of the adapted 15FQ+ in a multicultural setting.
In a subsequent analysis, the influence of reading comprehension as a moderator on the internal consistencies of the 15FQ+ was investigated. The alpha values were computed for the whole group, and for those respondents with a stanine score of 8 or higher on the reading and comprehension test. The analyses were done for Asian, black, coloured and white respondents. As can be seen in Table 3 , the test adaptations did not have a major impact on the alpha values. Neither the values of the total group nor the group with the high stanine scores were much higher after adaptation.
Scale-level analysis
The agreement of the (unifactorial) scales of the adapted version of the15FQ+ in the pooled solution with factors found for the different cultural groups is indicated in Table 4 . Values below the threshold level of 0.90 were reported for some of the factors and two scales in particular, namely Undisciplined-Self-discipline and Relaxed-Tense Driven, were problematic. When comparing the values of the original version and the adapted version of the 15FQ+ three conclusions emerged (see Table  5 ). First, a higher level of overall structural equivalence was reported for the adapted version. Second, the Ndebele group, in which 50% of the scales of the previous version showed poor structural equivalence, revealed much higher values of Tucker's phi (the increase was on average 0.09). For the Asian, coloured, and white groups there The label 'Total' refers to the total sample, while 'Stan > 8' refers to the group with reading comprehension scores of stanine 8' or higher.
Bias in an adapted version of the 15FQ+ in South Arica were fewer scales with low values of Tucker's phi than in the original version. Third, one factor, namely Relaxed-Tense Driven, still showed a poor structural equivalence after adaptation (in 50% of the groups the value of Tucker's phi was less than 0.90).
Item-level analyses
In analyses of variance of the item scores of the 15FQ+ adapted version, small levels of statistical significance were found, both in the main effect of culture (uniform bias) and the interaction of culture and score level (non-uniform bias). Of the 200 items, 60 (30%) proved to be biased, which is a large proportion. However, the effect sizes ranged from 0.01 to 0.05, which points to a small effect size. It can be concluded that item bias is not a major disturbance in the 15FQ+ adapted version in these cultural groups. When comparing the item-bias analysis with the results of the original version (36% of the 200 items proved to be biased), a slight decrease in the number of biased items is reported for the adapted version.
To inspect the impact of item bias on cross-cultural differences in the personality scales, the size of these differences was computed before and after the elimination of biased items. An item was taken to be biased if it had an eta square value of at least 0.02 for the uniform or non-uniform bias component, amounting to a total of 26 biased items (13%). One-way analyses of variance were conducted, with cultural group as independent variable and scale scores (sum scores on the items pertaining to the scale) as dependent variables. In a second step, the procedure was repeated, but now all biased items were excluded from the computation of scale scores. The extent of the cross-cultural differences was evaluated as the effect size (eta square) of the culture component. The effect size was 0.022 before the removal of biased items and 0.020 after bias removal. The same procedure of comparing effect sizes before and after the removal of biased items had been employed for the original version of the 15FQ+. The effect size was 0.027 before the removal of biased items and 0.028 after bias removal. It can be concluded that the removal of biased items did not affect the size of the cross-cultural differences observed.
DISCUSSION
The study focused on the effectiveness of the adaptation of the 15FQ+. The changes made to the instrument essentially solved the cross-cultural equivalence problems, but low internal consistencies still make the instrument unsuitable for the South African context. Although it could be argued that the consistencies are not very low, given the small number of items in the scales (12 items per scale), the values are still so low that scale scores cannot be used as a basis for high-stakes testing, such as hiring applicants. In addition, it is unlikely that further adaptations of the item contents would increase the internal consistencies in a major way. For the black group in particular low alpha values are reported for some of the scales. Despite the extensive adaptation of the15FQ+, various items and words still seem to remain problematic for these language groups. Wallice and Birt (2003) examined the understanding of the vocabulary used in the 16PF (version SA92) among English-speaking industrial psychology students. The students were instructed to provide synonyms for 135 words from the 16PF questionnaire. It was found that for the majority of the words participants in native and non-native English-speaking groups were unable to provide the correct synonyms. The groups indicated that they found it difficult to think of synonyms for words, although they apparently understood what the words meant. If the words were to be used in a sentence, it would have been easier to give their meanings. According to Wallice and Birt (2003) , this finding suggests that the language in the 16PF is still too difficult to be widely understood in the South African context.
There is some evidence that the size of the internal consistency of the 15FQ+ varies across the socioeconomic strata of South African society. Tredoux (2004) reports slightly higher alpha values for the 15FQ+ compared to the current study in a mixedrace sample of managers in a soft-drink manufacturing company, sales consultants in the insurance industry, and professional and management candidates. It could well be that in Tredoux's study the linguistic and educational heterogeneity was smaller than in the current study. In a study among senior police management, not yet published, the current authors also found slightly higher values than those found among the applicants tested in this study. Nevertheless, the differences in internal consistencies across the studies were relatively small, and none of the studies reported very high values. It can be concluded that the low internal consistencies of the current version of the instrument limit its suitability for large-scale high-stakes assessment.
The question has to be addressed how one should proceed from here. Would additional refinements of the instrument further increase the cross-cultural equivalence of the measure? It could be speculated that further refinements of this instrument would only provide diminishing returns. The current adaptation procedure was extensive and was based on input from various informants with expertise in the target cultures of the current study. Therefore, it seems fair to assume that if a major advancement of the cross-cultural suitability were possible with this instrument, the current authors would have identified the contours of the changes needed. Therefore, we tentatively conclude that our study points to the limits of the 15FQ+ and possible further adaptations in its current form for South Africa. It should be noted that the limits are related more to the low internal consistencies than to the poor equivalence of the scales. It is recommended that the factors that were problematic in the 15FQ+ adapted version (Accommodating-Dominant, Practical-Abstract, Self-assured-Apprehensive, Conventional-Radical, Relaxed-Tense Driven) should be revisited on a construct level and that items should be redeveloped for the constructs. These adaptations need to take into account the cross-cultural sensitivities of different groups in South Africa.
As an alternative, future research could address new scoring keys (attempts have been made to develop a scoring key for global factors) (Psytech, 2002) . Also, higher-order constructs could be developed on the basis of the current 15 factors, which might show better internal consistencies because of their aggregated nature. Whatever approach is chosen, it should lead to an instrument that is quite different in its items, scales or interpretations from the current version in order to meet the challenges of the Employment Equity Act.
Developing measures that are appropriate for the multicultural, multilingual South African society, and that comply with the Employment Equity Act, is clearly a very difficult task. Proper test usage assumes the availability of adequate instruments in a diverse society. Special attention needs to be given to standards put forward when testing individuals of diverse background, as was the case in this study. The current study illustrates various issues encountered when large-scale adaptations are implemented (the Standards for Educational and Psychological Testing, APA/AERA/NCME, 2000, provide a good overview of issues to deal with). Although the adapted version of the 15FQ+ does not seem to be culturally appropriate, it should be emphasized that low internal consistencies constituted the main reason for this failure. The bias study pointed to the adequacy of the adaptations. Therefore, it is concluded that the negative results were not due to a lack of a sound approach or methodology. Seen from this perspective, the current study may provide a template to emulate in the development or adaptation of other instruments.
